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The transport of macromolecules between the nucleus and the cytoplasm through nuclear pore complexes (NPCs) is mediated via several transport pathways by transport receptors that are most commonly members of the importin-β family [1] . Transport receptors form complexes with their transport substrates ("cargoes") through cognate nuclear localization signals (NLSs) for import substrates or nuclear export signals (NESs) for export substrates, and target substrates to NPC components. Transportin 1 (Trn1) is a transport receptor that belongs to the importin-β family, and was first identified as the receptor of heterogeneous nuclear ribonucleoprotein A1 (hnRNP A1) [2] . Other substrates whose transport is mediated by Trn1 have since been identified. NLSs of these transport substrates have little sequence similarity, but recent mutational analyses have shown the importance of two successive proline and tyrosine residues (called a PY motif) conserved in the NLSs of hnRNP D, TAP, JKTBP, hnRNP A1, and hnRNP M for recognition by Trn1 [2, 3] . Here, we show four crystal structures of human fulllength wild-type Trn1 corresponding to Trn1 in a substrate-free form and bound to the following three NLS peptides, which all have a PY motif: hnRNP D NLS (residues 332-355), TAP NLS (residues 53-82), and JKTBP NLS (residues 396-420). We propose a mechanism for NLS recognition and dissociation from Trn1 [4] . Diffraction data for NLSfree Trn1 and Trn1 bound to hnRNP D NLS and JKTBP NLS were collected using an ADSC Quantum 315 CCD detector on BL41XU at SPring-8 and those for Trn1 bound to TAP NLS were collected using an ADSC Quantum 210 CCD detector on NW-12 at Photon Factory Advanced Ring (PF-AR).
Trn1 is a superhelical S-like molecule formed by two overlapping arches (N-and C-terminal arches), and is constructed by helical stacking of 20 HEAT repeats (H1-H20) and a long disordered H8 loop ( Fig. 1(a) ). The structure of the Nterminal arch (HEAT repeats 1-13) is almost the same in the four Trn1 structures, whereas that of the C-terminal arch (HEAT repeats 8-20) changes depending on the NLS to which Trnl is bound ( Fig. 1(b) ). The overlapping region of the Nand C-terminal arches (HEAT repeats 8-13) show no conformational change. Comparison of the four structures with the structure of the Trn1-RanGTP complex [5] demonstrates that RanGTP binding to the N-terminal arch produces substantial conformational changes in both the N-and C-terminal arches ( Fig.  1(b) ). Electron density appearance of the three NLSs ( Fig. 1(c) ) correlates with the dissociation constant for the NLS interaction with Trn1. A NLS with a PY motif is recognized by Trn1 at two sites, Site A (HEAT repeats 8-13) with high affinity and Site B (HEAT repeats 14-18) with low affinity (Fig. 2(a) ). and B, respectively, in the same manner as that for hnRNP A1 NLS and hnRNP M NLS (Fig. 2(b) ). Figure 3 shows a proposed mechanism for NLS recognition and dissociation from Trn1. In the cytoplasm, Trn1 recognizes the NLS H/R-X (2-5) -P-Y motif (X: any residue) at Site A (pre-loaded state). In some cases, Trn1 changes its conformation to make hydrophobic interaction between Site B and the hydrophobic motif of NLS (loaded state). The Trn1-NLS complex is transported through NPC into the nucleus. In the nucleus, RanGTP binding to the N-terminal arch in NLS-bound Trn1 induces a competing interaction from the H8 loop against Site B (pre-unloaded state), resulting in displacement of NLS from Site B. This displacement from Site B is critical for NLSs such as hnRNP D, which interact strongly with Site B. This displacement, however, is not critical for NLSs with weak or no interaction at all with Site B (such as TAP NLS and JKTBP). After the release from Site B, NLS is displaced from Site A by the spatial overlap of the H8 loop with the part of the NLS at Site A, resulting in a complete dissociation from Trn1. [4] T. Imasaki, T. Shimizu, H. Hashimoto, Y. Hidaka, S. Kose, N. Imamoto, M. Yamada, M. Sato: Mol. Cell 28 (2007) . Proposed mechanism for nuclear import pathway mediated by Trn1. The Trn1 molecule is represented by S-like cyan ribbon labeled with N-and C-termini. NPC is the nuclear pore complex. Red and blue ellipsoids on NLS in the transport substrate show the three consensus residues (red ellipsoid) and one hydrophobic residue (blue ellipsoid).
